Simultaneous adsorptions of Pb (II) and Cd (II) ions in hard water by synthetic silica gel which was modified with dithizone were studied. The products treated in the study were silica gel synthesized from the rice husk dust (SG), SG physically modified with dithizone (SGD-Phys), and the SG chemically modified with dithizone (SGD-Chem). Analyses of metals contained in samples were performed by atomic absorption spectrophotometry method. The results showed that the capacity and the adsorption energy of Pb (II) and Cd (II) were increased gradually with the arrangement: SG < SGD-Phys < SGDChem. The adsorption capacity gradual 719.42 μmol/g; 724.64 μmol/g and 826.45 μmol/g for Pb (II) metal ions and 847.46 μmol/g, 900.09 μmol/g and 925.93 μmol/g for Cd (II) metal ions, whereas the adsorption energy gradual 24.65 kJ/mol, 24.79 kJ/mol, and 25.33 kJ/mol for Pb (II) metal ions and 20.95 kJ/mol, 21.31 kJ/mol and 21.49 kJ/mol for Cd (II) metal ions. The adsorption process of Pb (II) mostly happened by ion exchange mechanism, while Cd (II) mostly happened by pitfall mechanism.
Introduction
In the process of milling rice, about 20% of the rice husk is produced and about 15% of the husk composition is the ash of husk which produced during the burning of husk (Harsono, 2012) . One of the silica-based materials made from rice husk ash is silica gel (Enymia et al., 1998; Nuryono et al., 2004) . The benefits of silica gel are based on the active site like silanol (=SI-OH) and siloxane (=Si-OSi=) groups on the surface, and physical characteristics such as mechanic stability, porosity, and surface area (Santos et al., 2001) . Globular structure of silica gel showed in Fig. 1 that shows the adsorption occurs on the surface of the adsorbent. (Oscik, 1982) One of the compounds that can be used in the process of modification of functional group is dithizone. Dithizone contains amine (-NH) and sulfur (-S) groups which the function as the electron donor. Modification by dithizone increases the effectivity of silica gel in the process of metal ions adsorption (Tokman et al., 2003) . Structure of dithizone showed in Fig. 2 . (Billman and Cleland, 1955) The physical attachment of the ligand to the adsorbent solid may occur through impregnation (Terrada et al., 1983; Da Silva, 2010) . Physical adsorption occurs when intermolecular forces such as hydrogen bonds or Van der Waals is involved in the interaction between the adsorbate and the adsorbent. Chemical adsorption occurs when a formation of chemical bonds is involved in the interaction between the adsorbate and the adsorbent (Oscik, 1982; Adamson, 1990) . Interaction in chemical adsorption can occur through the reaction of surface complexity, that is a formation of coordination bonds on the surface between metal cations and ligand (Stum & Morgan, 1981) . Electrostatic interaction on the surface can also occur through greater distance than coordination bonds. Theoretically, the adsorption process of the solution is more complicated when compared with the adsorption process in gas, steam or pure liquid. Adsorption of solution involves the competition between solute and solvent or between the components of liquid mixture with the adsorption site (Shaw, 1983) . This study was aimed to determine the capacity, the energy and the adsorption mechanism of Pb (II) and Cd (II) by synthetic SG, SGD-Phys and SGD-Chem in hard water The capacity and the adsorption energy were calculated with the Langmuir-Hinshelwood equation (Jin et al., 1996) . Analyses of Pb (II) and Cd (II) were done by Atomic Absorption Spectrophotometer (AAS). The principle of quantitative analysis by AAS is identical with absorption spectro-photometry. In this process, the energy of radiation and the concentration of metal ions in the sample solution are given by Lambert-Beer, A = log (Po/Pt) = abc, where A is absorbance, Po is intensity of radiation that comes to AAS, Pt is intensity of radiation that forwarded, a is absorptivity constant (L cm
Fig. 1. Globular Structure of Silica Gel
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Fig. 2. Structure of Dithizone
, b is thick of adsorbent medium (cm) and C is solution concentration (g/L) (Christian, 1994) .
Materials and Procedures
The chemicals used in the experiment included silica gel from synthesis of rice husk dust (SG), silica gel with dithizone modification physically (SGD-Phys), silica gel with dithizone modification chemically (SGD-Chem), lead nitrate Pb(NO 3 ) 2 (Emerck), cadmium sulphate CdSO 4 .8H 2 O (Emerck), calcium nitrate Ca(NO 3 ) 2 .4H 2 O (Emerck), magnesium nitrate Mg(NO 3 ) 2 .6H 2 O (Emerck), acetic acid (CH 3 COOH) (Emerck), ammonium hydroxide (NH 4 OH) (Emerck), aquadest, potassium nitrate (KNO 3 ) (Emerck), hydroxylammonium chloride (HONH 2 HCL) (Emerck) dissolved in 25% (v/v) acetic acid (CH 3 COOH) (Emerck), dinatrium ethylenediaminetetraacetate (Na 2 EDTA) (Emerck), universal indicator and Whatman filter paper 0.42μm. The equipment included glassware, plastic equipment, magnetic stirrer, analytical scales, centrifugation, and AAS.
Adsorption of Pb (II) and Cd (II) in Hard Water
100 mg adsorbent in plastic container was mixed with 50 mL metal simultaneous solution Pb (II), Cd (II), Ca (II) and Mg (II) with concentration variations 5, 10, 50, 200, 250 and 300 mg/L. Adsorption was carried out in a batch system using a magnetic stirrer for 1 hour. The mixture was centrifuged for ± 30 min and was filtered to separate filtrate and adsorbent. Each filtrate was analyzed by Atomic Absorption Spectrophotometer (AAS) to determine the amount of Pb (II) and Cd (II) adsorbed in hard water.
Adsorption Mechanism of Pb (II) and Cd (II) in Hard Water
Determination of metal ions adsorption mechanism begins with adsorption process as described previously using metal simultaneous solution 400 mg/L. Determination of adsorption mechanism was carried out with sequential desorption method. Desorption was carried out by washing adsorbents that adsorbed metal ions using the solution which different strength.
Pitfall Mechanism
100 mg of each adsorbent was mixed with 50 mL aquadest for 1 hour. The mixture was centrifugated for ± 30 min and was filtered to separate filtrate and adsorbent. The content of metal ions in the filtrate was analyzed by AAS.
Ion Exchange Mechanism
The residual adsorbent of mechanism 1 was mixed with 50 mL KNO 3 1 M for 1 hour. The mixture was centrifugated for ± 30 min and was filtered to separate filtrate and adsorbent. The content of metal ions in the filtrate was analyzed by AAS.
Hydrogen Bond Formation Mechanism
The residual adsorbent of mechanism 2 was mixed with 50 mL HONH 2 HCl 0.3 M in 25% (v/v) CH 3 COOH for 1 hour. The mixture was centrifugated for ± 30 min and was filtered to separate filtrate and adsorbent. The content of metal ions in the filtrate was analyzed by AAS.
Complex Formation Mechanism
The residual adsorbent of mechanism 3 was mixed with 50 mL Na 2 EDTA 0.1 M for 1 hour. The mixture was centrifugated for ± 30 min and was filtered to separate filtrate and adsorbent. The content of metal ions in the filtrate was analyzed by AAS. 
Results and Discussion
The adsorption process was carried out in a batch system in which 100 mg of adsorbent interacted with 50 mL of simultaneous solution with concentration variations 5, 10, 50, 200, 250 and 300 mg/L for one hour at a fixed temperature. Based on the result of the experiment, the equilibrium of metal ion adsorption on various adsorbents is generally achieved after approximately one hour (Oscik, 1982) . Isoterm adsorption pattern showed in Fig. 3 that shows the isotherm adsorption pattern of metal ions Pb (II) and Cd (II) follows the adsorption pattern of Langmuir. Parameters of Langmuir isotherm adsorption are shown in Table 1 .
Based on Table 1 , it can be seen that the adsorption capacity of SG < SGD-Phys < SGD-Chem. Silanol (≡Si-OH) and siloxane (≡Si-O-Si≡) are the functional group of silica gel which can adsorb divalent metal ions, but they are less effective. The lack of capability of silica gel in adsorbing metal ions is caused by polarisability and the small size of the O atoms in its active groups. It makes SG is difficult to interact with heavy metal ions that have polarizability and bigger size. Therefore, after modified with dithizone, the amount of adsorbed metal ions are increased. The enhancement of this adsorption capacity is due to the increase of amount and types of active sites, such as amine groups (-NH) and S atoms. The amine groups (-NH) and the S atoms are well known to have the capability to transfer electron, hence Pb (II) and Cd (II) metal ions are effectively bound. Desorption result of silica gel and silica gel modified with dithizone which adsorbs Pb (II) and Cd (II) are shown in Table 2. Based on Table 2 , it can be seen that the pitfall mechanism is mostly happened on Cd (II) metal ions compared with Pb (II) for all of the adsorbents. It is caused by the size of Cd (II) is smaller than Pb (II), so the possibility of Cd (II) trapped in the pores of adsorbent was greater than Pb (II). The high percent of adsorption of Cd (II) through the pitfall mechanism shows that interaction between adsorbate and adsorbent is very weak. This is supported by data in Table 1 where the adsorption energy of Cd (II) is relatively low compared with Pb (II).
The tendency of adsorption of Pb (II) through ion exchange mechanism on SGD-Phys is greater than SG and SGD-Chem. It is caused by the character of medium acid Pb (II) which more difficult to interact with the active site of SG that have hard base character and SGD-Chem that have soft base character. On the other hand, the percent of adsorption of Cd (II) through ion exchange mechanism on SG < SGD-Phys < SGD-Chem adsorbent. Data on Table 2 show that the bond between the metal ions of Cd (II) and the active site of silica gel with dithizone modification is stronger than SG, because the adsorption energy of Cd (II) on silica gel with dithizone modification is in chemical adsorption range. The high percent of adsorption of Cd (II) through ion exchange mechanism on silica gel with dithizone modification also caused by the character of soft acid of Cd (II) which more able to interact with the active site of silica gel with dithizone modification which has the character of the soft base.
The overall, data on Table 2 show that the percent of adsorption of Pb (II) through ion exchange mechanism is greater than Cd (II) for all of the adsorbents. It is caused by the type of adsorption of Pb (II) is chemical adsorption (as shown on Table 1 ), so it is the interaction between Pb (II) and the active site of adsorbent may occur through the stronger of ion exchange mechanism.
